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DECODING CIRCUIT AND METHOD OF A VITERBI DECODER 

BACKGROUND OF THE INVENTION 
A. Field of the Invention 

The invention relates to a decoding circuit and a decoding method of a Viterbi 
5 decoder in a Partial Response Maximum Likelihood (PRML) system of an optical 
disc. Particularly, the invention relates to a decoding circuit and a decoding method 
for a Viterbi decoder in a PRML system of an optical disc wherein a run length 
m limited code (RLL Code) is used for effectively simplifying the complicated trellis 

G| diagram of the Viterbi decoder after longitudinal arrangement without a lot of 

O 10 registers for data processing, 
ill B. Description of the Related Art 

In a PRML system such as a digital versatile disc (DVD) or the like, a trellis 
diagram can be used for describing the property of a transmission channel with a 

UJ memory. For example, an input signal EFM (eight to fourteen modulation) of a 

O 

fU 15 DVD channel is a binary signal and the channel memory length is 2. Accordingly, 
the trellis diagram has four states each having two branches. Thus, each state has 
eight branches and it means that the signal outputted from the transmission channel 
at each time is one of the eight possible signals. As shown in FIG. 1A which is a 
schematic illustration showing the channel model, the values of the eight possible 
20 signals can be obtained from the channel model by substituting the (1/-1) as the 
"current input" into the following equation: 

("current input" + kl* "previous input in the first memory" + k2 * 
"previous input in the second memory" ) 

In FIG. 1A, kl and k2 represent the characteristic of the channel. The values 
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of kl and k2 may be given in advance. Then, a shaping filter, which is a partial 
response equalizer, is used for making the characteristic of the whole channel 
approach the values. Alternatively, in a method of signal level estimation, the 
values of kl and k2 are directly estimated without changing the characteristic of the 
5 channel. No matter which method is adopted, the corresponding values on each 
branch of the trellis diagram in FIG. IB will be determined after the values of kl and 
k2 are determined. 

FIG. 2 is a block diagram showing a Viterbi decoder. In FIG. 2, a Viterbi 
decoder 200 includes a branch metric unit 202, an ACS (add-compare-select) 204, 
Q 10 and a path memory unit (PMU) 206. The branch metric unit 202 receives a digital 

ci 

f|| signal outputted from a pre-stage converter (not shown) and a reference level 

Q 

U% outputted from a reference-level generating unit (not shown) and computes a branch 

m 

Cl metric BM. The ACS 204 receives the branch metric BM and performs the 

Q operations of adding, comparing and selecting according to the branch metric so as to 

III 1 5 obtain a path metric PM. The path memory unit 206 receives the path metric PM 

p outputted from the ACS 204 and performs the operations of converging, merging and 

■ t! 

decoding to obtain a decoded signal, which is outputted to a next-stage demodulator 
(not shown). The Viterbi decoder 200 is further described in detail in the following. 
FIG. 3 is a schematic illustration showing a decoding deduction for the Viterbi 

20 decoder. In FIG. 3, if the Viterbi decoder 200 continuously receives three signals 
Rl, R2 and R3 and will find out the most possible corresponding signal, it firstly 
computes (performed by the branch metric unit 202 in FIG. 2) the branch metric with 
respect to each branch in the trellis diagram. The computation method is usually of 
computing the square value of the signal difference or the absolute value of the 

25 signal difference, for example, BM00-00=[Rl-(-1.8)]2 or | Rl-(-1.8) | . The 
so-called "path metric of a certain path" means the addition result of all branch 
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metrics corresponding to all branches of this path. For example, the path metric of 

the path from StateOO at IT, StateOO at 2T, stateOl at 3T, and finally to Statel 1 at 4T, 
■ indicated by the bold lines in FIG. 3 , is "BMOO-00 +BM00-01 +BM01-11". 

Of course, under the general condition, the path will never be so short. The 
5 above-mentioned path before StateOO at IT should travel a certain path. Thus, the 

actually correct path metric of the path should be "the path metric accumulated to 
% StateOO at IT in this path" + "BMOO-00 + BM00-01 + BM01-11". It can be 

^ understood from the trellis diagram that each path crosses with one another on each 

state, and that the variations after each state for any arbitrary path are all the same, 
g} 10 Therefore, Viterbi found that an optimum path would be determined finally as long 

|1 as the optimum path at each state is selected for continuous extension. However, 

O 

b & the degree of operating complication can be greatly decreased. The operation of 

O "selecting an optimum path at each state for continuous extension" is known as a 

CI survivor path selection and the selected path is a survivor path. 

La 

RJ 15 In FIG. 3, it describes how the survivor path at StateOO at 2T is selected from 

W 

O the survivor path at StateOO at IT and the survivor path at State 10 at IT. Referring 

ni 

to FIG. 3, the survivor metric SM00 at 2T at StateOO at 2T is obtained from the 
following equation: 

SM00 at 2T = min{[SM00 at IT + BMOO-00]; [SM10 at 1T+BM10-00]} 
20 This equation is performed by the ACS unit. Since a feedback loop exists in 

the ACS unit (the survivor metric of each state has to be re-calculated), it is difficult 
to implement a high-speed Viterbi decoder. Thus, the ACS becomes the bottleneck 
of speed. 

According to the deduction of the Viterbi decoder, after each opeartion of the 
25 ACS, an optimum path can be surely obtained. Thus, as long as each survivor path 
is continuously recorded, the optimum path can be obtained by transforming the 
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record of the optimum survivor path after the whole data are decoded. However, 
there are two disadvantages in this case. First, the hidden decoding path is too long. 
Second, if the path is too long, the capacity of the hardware for recording will be 
relatively great (the hardware is called a path memory unit). 
5 Referring to FIG. 4, which is a schematic illustration showing the convergence 

in the trellis diagram using the algorithm of the Viterbi decoder, the Viterbi algorithm 
possesses a property that each survivor path has 99% opportunity to merge with its 
pervious path after the trellis extending four to six times of the length of the channel 
memory. Therefore, it is only necessary for the path memory unit to keep the latest 

£11 10 data within four to six times of the channel memory for selection. The forgone data 

'>•' 

PJ can be discarded after each decoding operation. Thus, the operation of the path 

P 

n ; = memory unit can be completed using limited resources. The commonly used 

CP 

d methods include the shuffle-exchange and trace-back methods. 

Q FIG. 5 shows the trellis diagram and a block diagram of the shuffle-exchange 

fU 1 5 method. In FIG. 5, the operation principle of the shuffle-exchange is to provide a 

O set of memories (register arrays are often used) corresponding to each state on the 

ill 

trellis diagram. For example, the state "00" corresponds to the register array 502, 
the state "01" corresponds to the register array 504, the state "10" corresponds to the 
register array 506, and the state "11" corresponds to the register array 508. These 

20 register arrays are used for recording the survivor paths of the states. 

That is, the survivor paths recorded in each state at a specific time are 
continuously replaced by the survivor paths recorded in each state at a previous time 
as well as the newly decision bits (the values of -1.8, -0.8, 0.2, 1.2, -1.2, -0.2, 0.8, 1.8 
as shown in FIG. 5). As shown in FIG. 5, when the received signals passes about 4 

25 to 6 times of the length of the channel memory, it can be assumed that all paths have 
been converged to one point. Thus, the converged values can be sent as the 
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decoded signals. Consequently, the length of each register array only has to be 

about 4 to 6 times of the channel memory. 

FIG. 6 shows a trellis diagram and a block diagram of a trace-back method. 

As shown in FIG. 6, the operation principle of the trace-back method is to store the 
5 decision bits of each state (at each time) into a "regular memory" such as a RAM. 

That is, each state regularly stores its decision bits. For example, the decision bits 
, of the state "0" is stored in a first row of the RAM, the decision bits of the state "01 " 

is stored in a second row of the RAM, and so on. No interaction exists between any 

two states. After 4 to 6 times of the length of the channel memory is passed, as 
© 10 shown in FIG. 4, a converged point (root) appears. Therefore, from an arbitrary 

: 

fit state, the stored decision bits can be used for deriving a previous state and finding the 

c 

root by the trace-back method. 

yt 

Q However, in the actual implemenattion, it is not possible to perform such a 

Q trace-back operation for finding each root. Instead of this trace-back operation, a 

Rl 15 method of batch operation is used for arranging the data to the configuration of 

O "finding the root, and then finding a piece of data sequentially". This method can 

III 

be described by four basic operations of V (write-in), T (trace), I (idle), and D 
(decode). 

FIG. 7 is a schematic illustration showing the relationship between the time 
20 and space of the four basic operations in the trace-back method. Referring to FIG. 7 
along the vertical direction at first, the memory Ml regularly writes-in (V operation) 
the decision bits of each state at Tl . Next, the trace-back operation (T operation) is 
performed from a certain state to solve the root at T2. When the root is found, the 
operation is transferred to the memory M4 (adjacent blocks are recorded on the trellis 
25 and then the block M4 decodes (D operation) the decision bits after the root). At T3, 
the data of the memory Ml is temporarily idled (I operation), because it is not a long 
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time since the previous write-in (V) process is performed. The data within the 
memory Ml can be regarded as being merged only after the trellises are merged. At 
this time, the root generated from the memory M2 is given to the memory Ml for 
performing the decoding process (D operation). 

Again, referring to FIG. 7 along the horizontal direction, at certain timing, each 
memory block performs the four basic operations of V, D, I, and T. The advantage 
of the trace-back method is the regular operation thereof. Since each state in the 
same stage is stored individually, the difficulty of layout is decreased. The 
disadvantage of the trace-back method is that it is usually implemented using RAMs. 
Thus, it is allowable for the application of DVD players but is not allowable in DVD 
ROMs due to its slow speed. If registers are used for increasing the speed, a lot of 
hardware costs should be paid because four blocks are processing the data 
simultaneously in the trace-back method. Thus, this method is not suitable for 
high-priced memories. 

SUMMARY OF THE INVENTION 

It is therefore an object of the invention to provide a decoding circuit and a 
decoding method of a Viterbi decoder capable for solving the complicated trellis 
diagram after the trellis diagram of the Viterbi decoder is subjected to a longitudinal 
arrangement. In addition, a high decoding speed of the Viterbi decoder can be 
achieved without requiring a lot of registers for data processing. 

The invention provides a decoding method for a Viterbi decoder. The Viterbi 
decoder has a branch metric unit, an add-compare-select unit and a path memory unit. 
The method includes the following steps. First, the Viterbi decoder performs a 
longitudinal arrangement with respect to a trellis diagram corresponding to the 
Viterbi decoder so as to obtain a longitudinal arrangement trellis diagram. Next, the 
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Viterbi decoder processes the longitudinal arrangement trellis diagram according to a 
RLL code so as to obtain a RLL trellis diagram. Then, the branch metric unit 
computes a current input branch-metric-value according to the RLL trellis diagram. 
Furthermore, the add-compare-select unit computes the current input 
branch-metric-value, a next input branch-metric-value and a current state so as to 
obtain a next state value. Next, the Viterbi decoder records results computed by the 
add-compare-select unit in the path memory unit so as to obtain a survivor path. 
Then, the Viterbi decoder decodes the recorded survivor path. 

The invention provides another decoding method for a Viterbi decoder. The 
Viterbi decoder has a branch metric unit, an add-compare-select unit and a path 
memory unit. The path memory unit includes a decoding register array, a trace 
write-in register array, an idling register array and an add-compare-select unit. The 
method includes the following steps. First, the Viterbi decoder creates a trellis 
diagram corresponding to the Viterbi decoder. Next, the Viterbi decoder performs a 
longitudinal arrangement with respect to the trellis diagram corresponding to the 
Viterbi decoder so as to obtain a longitudinal arrangement trellis diagram. Then, 
the Viterbi decoder processes the longitudinal arrangement trellis diagram according 
to a RLL code so as to obtain a RLL trellis diagram. Next, the branch metric unit 
computes a branch metric value according to the RLL trellis diagram. Furthermore, 
the add-compare-select unit computes a current input branch-metric-value, a next 
input branch-metric-value and a current state so as to obtain a next state value. 
Next, the add-compare-select unit sets a current output decision bit and a next output 
decision bit according to only the next state value. Moreover, the Viterbi decoder 
records a decision bit on a previous state value and the current state value according 
to the current output decision bit and the next output decision bit. Next, the Viterbi 
decoder decides a relationship between the current state and the decision bit and 
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writes the decision bit into the suitable state value. Then, the decision bit is 
outputted from the add-compare-select unit to the trace write-in register array and 
tracing for obtaining a merged value, wherein the decoding register array becomes 
the idling register array when the decision bit stored in the decoding register array 
5 reaches a predetermined quantity. Finally, the Viterbi decoder decodes the decision 
bit stored in the previous idling register array according to the merged value 

The invention also provides a decoding circuit of a Viterbi decoder. The 
decoding circuit includes a branch metric unit, an add-compare-select unit and a path 
memory unit. The branch metric unit is used for computing a branch metric value 
g 10 and outputting the branch metric value to the add-compare-select unit. The 
fij add-compare-select unit is used for computing an optimum path of a state value 

6 

E& according to the branch metric value and outputting a decision bit. The path 

O memory unit includes a data string controller, a trace write-in register array, an idling 

0 register array, and a decoding register array. The data string controller is used for 

Hi 15 receiving the decision bit outputted from the add-compare-select unit and deciding 

hi 

Q the direction of the output string of the decision bit. The trace write-in register 

array is used for receiving the decision bit outputted from the data string controller 
and tracing for obtaining a merged value. The idling register array is used for 
decoding the merged value obtained from the tracing of the trace write-in register 
20 array. The decoding register array is used for decoding the decision bit stored in the 
decoding register array according to the merged value obtained by the tracing. 

Consequently, the invention provides a decoding circuit and a method for a 
Viterbi decoder. In this invention, a RLL code is used for effectively solving the 
problem of generating a complicated trellis diagram after the trellis diagram of the 
25 Viterbi decoder is subjected to a longitudinal arrangement. Therefore, the ACS can 
perform adding and comparing operations in parallel, and the register array can 
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perform other operations at different time. Accordingly, a high decoding speed of 
,,f the Viterbi decoder can be achieved without requiring a lot of registers for data 

processing in the ACS and PMU. 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 These and other objects and advantages of the present invention will become 

apparent by reference to the following description and accompanying drawings 
wherein: 

FIG. 1 A is a schematic illustration showing a channel model; 
Mi FIG. IB is a trellis diagram; 

O 1 0 FIG. 2 is a block diagram showing a Viterbi decoder; 

O FIG. 3 shows a decoding deduction for the Viterbi decoder; 

y! FIG. 4 a schematic illustration showing the convergence in the trellis diagram 

a 

s using the algorithm of the Viterbi decoder; 

CI 

p> FIG. 5 shows a trellis diagram and a block diagram for a shuffle-exchange 

ill 

Lp 15 method; 

Q 

fU FIG. 6 shows a trellis diagram and a block diagram for a trace-back method; 

FIG. 7 is a schematic illustration showing the relationship between the time 
and space of the four basic operations in the trace-back method; 

FIG. 8 is a flow chart showing the method for the Viterbi decoder of the 
20 invention; 

FIG. 9A shows an original trellis diagram; 

FIG. 9B is a schematic illustration showing that a transverse arrangement is 
performed in the original trellis diagram; 

FIG. 9C is a schematic illustration showing that a longitudinal arrangement is 
25 performed in the original trellis diagram; 
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FIG. 10 shows a trellis diagram wherein the number of the channel memory of 
the binary inputs is 3; 

FIG. 11 shows a trellis diagram under the limitation of RLL (2,10) codes; 
FIG. 12 shows the result after the longitudinal arrangement is performed in 
5 FIG. 11; 

FIG. 1 3 shows the result after the longitudinal arrangement is performed twice 
in FIG. 11; 

FIG. 14 shows the relationship diagram for solving the trellis diagram by a first 
trace-back method and the diagram of the state retrieve circuit; 

|g| 10 FIG. 15 shows the relationship diagram for solving the trellis diagram by a 

;< 

HI second trace-back method and the diagram of the state retrieve circuit; 

o 

fc* FIG. 16 shows the relationship diagram for solving the trellis diagram by a 

O third trace-back method and the diagram of the state retrieve circuit; 

Q FIG. 17A shows the circuit block diagram of the trace-back method using 

ill 15 register arrays; 

yy 

O FIG. 17B shows a data string for the trace-back method; 

m 

FIG. 17C shows another data string for the trace-back method; an 
FIG. 17D is a schematic illustration showing that dummy data delays are added 
to the data string. 

20 DETAIL DESCRIPTION OF THE INVENTION 

FIG. 8 is a flow chart showing the method for the Viterbi decoder of the 
invention. As shown in FIG. 8, a trellis diagram (as shown in FIG. 3) 
corresponding to the Viterbi decoder is first created in step S70. In order to 
overcome the bottleneck for the ACS, the trellis diagram of the Viterbi decoder is 

25 re-arranged by the re-arranging method including a transverse arrangement and a 
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longitudinal arrangement. Taking the original trellis diagram shown in FIG. 9A and 
n=2 as an example, FIG. 9B shows a transverse arrangement performed in the 
original trellis diagram. The so-called transverse arrangement is to merge the 
trellises of the n sates into a state. Although the bottleneck of ACS still exists, the 
5 time of the bottleneck is lengthened from IT to nT. Thus, the overall speed 
limitations of the Viterbi decoder can be eased. 

FIG. 9C is a schematic illustration showing that a longitudinal arrangement is 
performed in the original trellis diagram. In FIG. 9C, the trellis diagram 
corresponding to the Viterbi decoder is subjected to a longitudinal arrangement in the 

\A 

Q 10 step S72. Since the number of states of the longitudinal arrangement trellis diagram 

CI 

fU increases exponentially with respect to 2, which makes the longitudinal arrangement 

trellis diagram complicated, RLL codes are used for limiting the presence of some 
O states. Thus, the longitudinal arrangement trellis diagram can be computed to 

CI obtain a RLL trellis diagram in step S74. 

fi| 15 FIG. 10 shows a trellis diagram wherein the number of the channel memory of 

Q the binary inputs is 3. As shown in FIG. 10, this channel is quite similar to the 

ft! 

commonly used PRML channel. Taking FIG. 11, in which the trellis diagram is 
shown under the limitation of the RLL (2,10) code, as an example, it is found that the 
trellis diagram in FIG. 11 is simplified a lot under the limitation of the RLL (2, 10) 

20 code in the trellis diagram of FIG. 10. As shown in FIG. 12, which shows the result 
after the longitudinal arrangement in FIG. His performed, it is found that the number 
of states of each stage only increases to 2 under the limitation of the RLL (2, 10) 
code and after the longitudinal arrangement of the trellis diagram in FIG. 11. As 
shown in FIG. 13, which shows the result after the longitudinal arrangement in FIG. 

25 His performed twice, it is found that the trellis diagram does not become too 
complicated but the bottleneck of the ACS has been greatly broadened under the 
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limitation of the RLL (2, 10) code and after two longitudinal arrangements of the 
trellis diagram in FIG. 11 . 

Then, as shown in step S76 in FIG. 8, with respect to each branch in the trellis 
diagram, the Viterbi decoder calculates the branch matric value (performed by the 
5 branch metric unit 202 in FIG. 2). Next, the longitudinal arrangement regards the 
Viterbi decoder as a finite state machine (FSM). It can be known from the property 
of the finite state machine that: 

current output = function(current input, current state) 

next state = function(current input, current state) 

p 10 If the state is re-defined and the current state is regarded as "original current 

p 

Hi state + original current input", i.e., the original input is merged into the state, the 

O 

1Mb functions becomes that: 

CP 

q current output = function of only the next state 

q next state = function(current input, current state) 

ry 15 It can be known from FIG. 9C, since the trellis diagram changes its property to 

q the function of "current output = only the function of a nextstate", the bottleneck of 

the ACS dissapears when finding out the survivor path (at this time, the candicate 
paths cross at the same next state, so their output signals are the same). Because all 
the branches connected onto this state have the same signal value (because current 
20 output = only the function of the next state, and the state is the same), the old path 
metrics can be compared to determine values of new path metrics when new path 
metrics (new path metrics = old path metrics + branch metric) are calculated. 

This operation can be continued to achieve the speed required for any system. 
For example, the state may be re-defined and expanded once again, and the new 
25 current state may be regards as "current state + current input + next input", i.e., the 
current input and the next input are merged into the state, it becomes: 
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(current output; next output)= only the function of the next state (step S78 in 
FIG. 8) 

next state = function (next input, current input and current state) (step S80 in 
FIG. 8) 

5 Similarly, although there are two outputs, it is distinct that the signal values of 

all the crossed paths in this state are still the same. The above-mentioned method 
can achieve the effect of a higher speed by the re-expansion of the state, thereby 
loosening the bottleneck of the ACS. 

The trace-back method disclosed in this embodiment is to use the RLL code to 

Mi 

f s 10 find the optimum path of the trellis diagram with respect to the Viterbi algorithm, 
IlJ thereby providing a required management mechanism for the path memory. As 

M 

P= described above, the operation principle of the trace-back method is to regularly 

ill 

Q record the decision bits of each state, and to trace-back the root according to the 

Gl records. In fact, it is necessary to record the portions that might be confused in the 

N* 

fll 15 trace-back process (refer to step S82 in FIG. 8). 

m 

C! FIG. 14 shows the relationship diagram for solving the trellis diagram by a first 

m 

trace-back method and the state retrieve circuit. In FIG. 14, under the limitation of 

the RLL code, some branches disappear with the dissappearance of some states. 

The remaining states have quite definite inter-connection relationships. For 
20 example, the state " 1 000" is definitely from the state "1100". Such inter-connecting 

lines can be definitely deriviated without being recorded in the trace-back method. 

Taking FIG. 14 as an example, instead of eight sets of memories, only two sets 

of memories are needed for recording the decision bits (write-in (V) operation). 

When the records are read-back (trace (T), decode (D)), the decision circuit 1402 of 
25 the state retrieve circuit 1400 takes the state values of the front three bits of the state 

1404 for deciding the relationship between the state value of the current state 1404 
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and the recorded decision bits (i.e., to decide whether the state value is a legal state 
value or not) (refer to step S84 in FIG. 8). When the front three bits of the state 
1404 is "000" or "111", it means that the decision has to be performed and the 
trace-back process has to be continuned according to the decision bits that are 
5 recorded previously (refer to step S86 in FIG. 8). If the first bit of the state 1404 is 
"1", the multiplexer 1406 selects an upper row of data in the memory block 1408 and 
outputs them to the multiplexer 1410, and the decision circuit 1402 controls the data 
output from the multiplexer 1410 to the state 1404. If the first bit of the state 1404 
is "0", the multiplexer 1406 selects a bottom row of data in the memory block 1408 

p 10 and outputs them to the multiplexer 1410, and the decision circuit 1402 controls the 

p 

m data output from the multiplexer 1410 to the state 1404. When the front three bits 

yL of the state 1404 are niether "000" nor "111", it is only necessary to extend the first 

m 

Q bit of the state 1404. For example, the state value of the first bit of the state 1404 is 

O outputted to the multiplexer 1410, and the decision circuit 1402 controls the data 

ti 

p-i 15 output from the multiplexer 1410 to the state 1404 to generate a state value for a new 
p state 1404. 

FIG. 15 shows the relationship diagram for solving the trellis diagram by a 
second trace-back method and the state retrieve circuit. FIG. 16 shows the 
relationship diagram for solving the trellis diagram by a third trace-back method and 
20 the state retrieve circuit. FIGS. 15 and 16 are more complicated trellis diagrams. 
The operation principles of FIGS. 15 and 16 are briefly described in the following. 

In FIG. 15, the decision circuit 1502 of the state retrieve circuit 1500 decides 
whether the values of the front two bits of the state 1504 are legal or not. It is legal 
when the front two bits of the state 1 504 are "00" or " 1 1". For example, when then 
25 the front two bits are legal, the decision circuit 1502 uses the first and third bits of 
the state 1504 to determine and cause the multiplexer 1506 to select one row of data 
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of the memory block 1508 and to output them to the multiplexer 1510. The 
decision circuit 1502 also controls the data output from the multiplexer 1510 to the 
state 1504. It is not legal when the front two bits of the state 1504 are neither "00" 
nor "11". In this case, the state value of the first bit of the state 1504 is extended 
5 twice and is outputted to the multiplexer 1 5 10, and the decision circuit 1 502 controls 
the data output from the multiplexer 1510 to the state 1504 in order to generate a 
S% state value of a new state 1 504. 

Similarly, in FIG. 16, the decision circuit 1602 of the state retrieve circuit 1600 
decides whether the state values of the front three bits of the state 1 604 are legal or 

!=§= 

p 10 not. It is legal when the front three bits of the state 1604 are "000" or "111". For 

n 

m example, if it is legal, the decision circuit 1602 uses the first, fourth and fifth bits of 

3 

5 the state 1604 to determine and cause the multiplexer 1606 to select one row of data 

Q of the memory block 1608 and to output them to the multiplexer 1610. The 

O decision circuit 1602 also controls the data output form the multiplexer 1610 to the 

fy 15 state 1604. It is not legal when the front three bits of the state 1604 are niether 

Ly 

gj "000" nor "111". In this case, the state value of the first bit of the state 1604 is 



ry 



extended and outputted to the multiplexer 1610, and the decision circuit 1602 
controls the data output from the multiplexer 1610 to the state 1604 in order to 
generate a state value of a new state 1604. 

FIG. 17A shows the circuit block diagram of the trace-back method using 
register arrays. In FIG. 17 A, the trace-back circuit 1700 includes an 
add-compare-select unit 1702 for computing and finding an optimum path for each 
state and outputting a decision bit. The data string controller 1704 receives the 
decision bit outputted from the add-compare-select unit 1702 and decides the 
direction of the output string of the decision bit. The register array 1706 receives 
every decision bit outputted from the data string controller 1704, shifts out a pervious 
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decision bit from the register array 1706, and performs a tracing operation to obtain a 
merged value. The register array 1708 or the register array 1710 waits for the 
merged value obtained from the tracing operation of the register array 1706 and 
shifts out the decoded decision bit as a data output. 
5 The state retrieve circuit 1712 and the register array 1706 bidirectionally 

transmit data to each other. The state retrieve circuit 1712 outputs the data to the 
delay register 1714. The delay register 1714 receives the data outputted from the 
state retrieve circuit 1712, delays a period of time, and then outputs the data to the 
state retrieve circuit 1716. The state retrieve circuit 1716 receives the data 

La 

p 10 outputted from the delay register 1714. The state retrieve circuit 1716 and the 

f : i 

fy register array 1710 bidirectionally transmit data to each other. The state retrieve 

3 

l& circuit 1718 and the register array 1706 bidirectionally transmit data to each other. 

□ The state retrieve circuit 1718 outputs the data to the delay register 1 720. The delay 

Q register 1720 receives the data outputted from the state retrieve circuit 1718, delays a 

r|| 1 5 period of time, and then outputs the data to the state retrieve circuit 1722. The state 

Q retrieve circuit 1722 receives the data outputted from the delay register 1720. Also, 

oi 

the state retrieve circuit 1722 and the register array 1708 bidirectionally transmit data 
to each other. 

FIG. 17B shows a data string for the trace-back method. In FIG. 17B with 
20 reference to FIG. 17 A, when the data string controller 1704 controls the data string 
toward the left-hand side, the register array 1710 is under the conditon of idle (I) 
while the register array 1708 is under the condition of decode (D). The register 
array 1708 decodes the data and shifts out the decoded data one by one toward the 
left-hand side (referring to step S94 in FIG. 8). The register array 1706 writes-in (V) 
25 the decision bit data one by one from the left-hand side, and the data shifted out from 
the register array 1706 is shifted to the register array 1708 toward the left-hand side. 
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When the register array 1708 is full of the shift-in data, the condition of the register 
array 1708 changes from decode operation (D) to idle operation (I) (referring to step 
S92 in FIG. 8). At this time, the register array 1706 also performs the operation of 
trace operation (T) to obtain the root for the next decoding process of the register 
5 array 1710 (referring to step S90 in FIG. 8). 

Similarly, FIG. 17C shows another data string for the trace-back method. In 
FIG. 17C with reference to FIG. 17A, when the data string controller 1704 controls 
^ the data string toward the right-hand side, the register array 1708 is under the 

condition of idle operation (I) while the register array 1710 is under the condition of 

Q 10 decode operation (D). The register array 1710 decodes the data and shifts out the 

Q 

fll decoded data one by one toward the right-hand side (referring to step S94 in FIG. 8). 

3 

h& The register array 1706 writes-in (V) the decision bit data one by one from the 

CP 

t;i right-hand side, and the data shifted out from the register array 1706 is shifted to the 

r| register array 1718 toward the right-hand side. When the register array 1710 is full 

pji 15 of the shift-in data, the condition of the register array 1710 changes from decode 

SI operation (D) to idle operation (I) (referring to step S92 in FIG. 8). At this time, the 

fij 

register array 1706 also performs the operation of trace (T) to obtain the root for the 
next decoding process of the register array 1708 (referring to step S90 in FIG. 8). 

FIG. 17D is a schematic illustration showing that dummy data delays are added 
20 to the data string. In FIG. 17 A, for example, the data is transmitted from the 
register array 1706 to the register array 1710 via the state retrieve circuit 1712, delay 
register 1714 and state retrieve circuit 1716. In this case, the phonomenon of data 
transmission delay may occur. Therefore, the dummy data with a number of bits 
have to be provided in the register, thereby avoiding data errors of the decoded data 
25 due to the transmission delay. 

Consequently, the advantage of the invention is that a decoding circuit and a 



17/27 



method for a Viterbi decoder is provided. In this invention, a run length limited code 
is used for effectively solving the problem of generating a complicated trellis 
diagram after the trellis diagram of the Viterbi decoder is subjected to a longitudinal 
arrangement. Therefore, the ACS can perform adding and comparing operations in 
5 parallel, and the register array can perform other operations at different time. 
Accordingly, a high decoding speed of the Viterbi decoder can be achieved without 
requiring a lot of registers for data processing in the ACS and PMU. 

While certain exemplary embodiments have been described and shown in the 
accompanying drawings, it is to be understood that such embodiments are merely 

I* 

f !i 1 0 illustrative of and not restrictive on the broad invention, and that this invention not be 

O 

fll limited to the specific constructions and arrangements shown and described, since 

O 
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various other modifications may occur to those ordinarily skilled in the art. 
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